Introduction

32
In many animal species, male vocalizations are important in mate attraction and courtship 33 (Bradbury & Vehrencamp, 2011) , and sexual selection theory has provided convincing 34 explanations for the evolution of male vocal traits (Andersson, 1994) . In contrast, questions The ultrasonic vocalizations (USVs) produced by rodents provide opportunities to study 49 vocalizations in a laboratory setting. Rodent USVs are elicited in a range of social situations 50 (Wöhr & Schwarting, 2013) , and production of USVs provides an indicator of affective state 51 (Brudzynski, 2013 (Snoeren & Ågmo, 2013) , and the sub-types of 50kHz USVs given by female rats in mating
61
contexts have yet to be fully investigated.
62
Here, we tested the hypothesis that female 50kHz USVs play a role in sociosexual 63 interactions by examining how rates and sub-types of 50kHz USV production vary in relation to 64 the sex and gonadal status of the partner. USVs were recorded from female rats following brief 65 exposure to male or female partners that were either gonadally intact or had been 66 gonadectomised. Rates of 50kHz USV production were predicted to be higher in response to 67 male than female partners, and higher for gonadally intact than castrated males, as in previous to removal was also measured and was predicted to be highest for intact males. 
Methods
77
Subjects and stimuli animals 78 The subjects were eight female Lister-hooded rats, and the stimuli animals were eight Lister-79 hooded rats: two intact males, two castrated males, two intact females, two ovariectomized 80 6 females (all animals were supplied by Harlan, UK; gonadectomies were carried out by the 81 supplier). All animals were housed as same-sex pairs with ad libitum access to food and water.
82
Housing rooms were on a 12hr light/dark cycle (lights on 07:00) with temperature and humidity 
Experimental design
104
Each female subject animal (henceforth 'subject') was tested eight times over a two-week 105 period, once with each stimulus animal (henceforth 'partner'), with order of exposure counter-106 balanced across subjects. At the start of a test, a subject and partner were transported to the 107 testing room in separate boxes. The partner was placed into the smaller section of the arena, with 108 the partition lowered, before the subject was placed into the larger section, and the lid closed. For 109 the first 5 minutes, the position of the subject was recorded in real-time (i.e., subject located in 110 the half of the larger section nearest to the partition or in the half of the larger section furthest 111 from the partition). The partner was then removed from the arena and testing room and the 112 partition raised. For the next 5 minutes, the subject had access to the whole arena, and USVs
113
were recorded. The arena was cleaned after each test with 70% alcohol. Vocalizations that did not fall into either of these two categories (<1.5%) were excluded, and 125 22kHz calls (<1% of remaining calls) were not further analysed. All 50kHz vocalizations were 126 categorised as either FM (i.e., bandwidth >8kHz) or constant frequency (i.e., bandwidth ≤8kHz), 
Results
142
Time spent near to partner
143
Across all partner categories, subjects spent more time in the half of the section nearest to the p=0.360, =0.12), and the interaction between sex and gonadal status was also not significant 
Proportion of 50kHz USVs that were FM
163
The proportion of 50kHz calls that were FM, rather than constant frequency, was significantly .
The results showed that production of 50kHz USVs by female Norway rats varied with the sex 172 and gonadal status of the partner, with intact male partners eliciting the highest total number of 173 calls. In comparison, the number of 50kHz USVs given to castrated males was relatively low and 174 similar to that given to female partners, while the rate of calling to females did not differ with the 175 partners' gonadal status. The finding that females produce higher rates of 50kHz USVs to intact 176 than castrated males is consistent with two earlier studies that were conducted using a different 
180
The current study also provided novel evidence that the proportion of FM 50kHz USVs was with intact male partners compared to castrated males, which suggests that 50kHz USVs could 185 provide a better measure of female sexual motivation than proximity measures alone.
186
While the ovarian status of the female subjects was not investigated in the current study, 
209
The role of 50kHz USVs in female-female interactions in rats could also be investigated further.
210
In the current study, the rates of calling did not differ for intact versus ovariectomized female 211 partners, in contrast to a previous study reporting that female rats called more to females that had 
